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Emetine hydrochloride, which has been effectively used as an amecidal 
drug, was employed in this investigation. Administration of sublethal 
doses of 2.5, 5.0, and 10 mg/kg body weight of the animal at 6, 12, and 24 
hr intervals produced certain morphological changes within nephric and he¬ 
patic cells. These changes involved swelling and decrease in the number of 
mitochondria, distension and disruption of basal membranes, coarseness of 
cytoplasm, formation of vacuoles, deterioration of red blood cells, disso¬ 
ciation and degradation of medullary rays, production of fibrillar struc¬ 
tures, convoluted membranes, and irregular shaped nuclei. The earliest 
changes were observed 6-12 hr after treatment with the drug. Deterioration 
was observed within 12-24 hr after treatment with higher dosages. 
Emetine hydrochloride at certain sublethal dosages and durations of 
time produced morphological and degenerative changes in nephric and hepatic 
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Emetine, a general protoplasmic poison and amecidal agent, comes from 
the dried roots of Cephaelis ipecacuanha, a perennial shrub that grows in 
Brazil and other South American countries. It was once used by the native 
people in the treatment of diarrhea. Emetine has a direct lethal action 
on the parasite, Entamoeba histolytica, when it is in a motile form, but 
it has little effect on amebic cysts. It is readily absorbed from paren¬ 
teral sites of administration but excreted rather slowly from the kidney. 
The chief use of emetine is to control the symptoms of acute amebic dysen¬ 
tery or the symptoms that may suddenly develop during chronic phases of the 
disease. Emetine has come to be regarded as second only to chloroquine for 
the treatment of amebic hepatitis and amebic abcess in the liver (Bergersen 
and Krug, 1969). 
The disease, amebic dysentery, caused by Entamoeba histolytica, has 
become world wide and is no longer limited to tropical areas. The parasite 
occurs in two forms: the active motile form, known as a trophozoite, and 
the cystic form, which is inactive, resistant to drugs, and is present in 
intestinal excretions. In the lumen of the intestine, the ameba forms a 
cyst when living conditions, for certain reasons, become unfavorable. 
Outside the body the cyst becomes the source of infection to others when 
transmitted by flies or in contaminated food and water. Only the cystic 
forms of the parasite can cause amebic dysentery because the motile forms 
are killed by gastric acid. The initial infection of the bowel is known 
as intestinal amebic dysentery and is associated with diarrhea and the 
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presence of the motile forms of the parasite in the stools. Secondary 
amebic dysentery means that the parasites have migrated to other parts of 
the body, such as the liver, where an amebic abcess may develop. Complete 
cure of the disease is difficult to achieve because it is necessary to kill 
all the parasites if relapse is to be avoided (Bergersen and Krug, 1969). 
As previously indicated emetine hydrochloride has a lethal action on 
the parasite, Entamoeba histolytica. However, since the compound is a 
protoplasmic poison and is excreted slowly from the kidneys, it may produce 
cumulative and degenerative changes in some metabolic organs such as the 
kidney and liver. The morphological effects of emetine hydrochloride on 
the fine structure of nephric cells have not been investigated and the 
effects of the drug on hepatic cells have not been extensively investigated. 
Therefore, the objectives of this investigation were: 1. to detect by 
electron microscopy any degenerative and morphological changes in the 
kidney and liver of the rat when treated with emetine hydrochloride; 
2. to determine the degree of structural changes in these organs, if any, 
in relation to time and dosage of the drug. 
CHAPTER II 
REVIEW OF LITERATURE 
The morphology and physiological functions of hepatic cells of normal 
tissues have been investigated under a variety of experimental conditions. 
Several chemical agents have been found to produce disruptive and morpho¬ 
logical changes in hepatic cell cytoplasm and cellular organelles. Only 
one investigation on the effects of emetine hydrochloride on the fine 
structure of hepatic cells has been found. No reports on the effects of 
emetine hydrochloride on the fine structure of nephric cells has been 
found. Therefore, this review consists primarily of reports of the effects 
of various chemical agents on hepatic cells. 
According to Porter and Bruni (1959), the aminoazo dyes effective in 
inducing tumors of the liver in rats are generally regarded as toxic for 
mature liver cells. The dyes are without noticeable effect on other types 
oc cells, including the relatively undifferentiated cells of the regene¬ 
rating liver. Their findings have served to focus attention on the 
microsome and the possibility that the dye or a metabolic derivative was 
influencing the established role of the microsome in protein synthesis. 
The administration of the dye for 2 days showed definite variations 
in the size of the nuclei. The nuclear changes were similar in character 
to those at the end of the second day in 4 days. Vacuoles showed an 
increase in number and size within 2 to 4 days. In most cells, large 
areas of cytoplasm were occupied by large vacuoles in 7 days. After 11 to 
15 days, the number of vacuoles was decreased with respect to the pre¬ 
ceding stage. These investigators further reported that mitochondria 
showed elongation in cells 2 days following dye administration. The 
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number of mitochondria was considerably greater after 11 and 15 days. Lipid 
granules were noted within 2 days of dye administration and increased as the 
animal was kept on a restricted diet. Observations made on cells taken after 
48 hr of dye feeding also showed a pronounced increase in smooth endoplasmic 
reticula. Porter and Bruni (1959) suggested that the smooth endoplasmic 
reticulum of the dye-fed cell showed hypertrophy of the normal particle- 
free form of the endoplasmic reticulum. The degree of hypertrophy appeared 
to reach a maximum around 11 days after dye feeding. 
Cytological changes appearing soon after the initiation of dye feeding, 
as described by Price et al. (1949), were more descriptive of a degenerative 
process. These investigators noted within 1 week of onset of dye feeding 
the development of hyaline inclusions in parenchymal cells, and where the 
development of these was most pronounced, necrosis followed. The amount 
of protein-bound dye closely paralleled the number of hyaline inclusions, 
which seemed to play no role in protein synthesis. The more recent findings 
of Hultin (1956) also suggested that the dye was not affecting the protein- 
synthesizing mechanisms of the cell. However, according to Porter and 
Bruni (1959), the azo dyes or some metabolic derivative are a specific 
poison for an important metabolic pathway of the mature liver cells and 
this dye was considered to become associated with a particular group of 
liver cell proteins. 
Emmelot and Benedetti (1960) found morphological changes in the fine 
structure of rat liver cells brought about by dimethyl-nitrosamine (DMNA.). 
Swelling of endoplasmic reticula (ER) and detachment of ribonuclear protein 
(RNP) particles were the first changes observed in the fine structure of 
hepatic cells 3 hr after administration of DMNA.. This change was pro¬ 
gressive with 2 doses of DMNA. after 3 to 20 hr. Osmiophilic granules and 
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inclusions, determined to be lipoidal in character were observed. The 
mitochondria showed some loss of internal structures. These findings 
suggested that DMNA caused inhibition of amino acid incorporation in the 
protein of the liver. 
Ultrastructural hepatic changes following tannic acid administration 
to rabbits were reported by Arthelger and Broom (1965). The most striking 
changes within 1 to 48 hr after the administration of 40% tannic acid were 
a decrease in glycogen content of parenchymal cells, parallel arrangement 
of agranular endoplasmic reticulum scattered at random throughout the 
cytoplasm, decrease in granular endoplasmic reticulum, enlarged and irregu¬ 
larly shaped dark mitochondria, numerous lipid granules, pyknotic nuclei, 
increase in the number of lysosomes and hepatic necrosis. 
Smuckler et al. (1962) reported similar alterations after the adminis¬ 
tration of carbon tetrachloride to rats. These workers suggested that 
hepatic necrosis and mitochondrial lesions might relate to severe impair¬ 
ments of protein synthesis resulting from alterations of endoplasmic 
reticulum. Reynolds (1963) reported enlargement of mitochondria within a 
6 to 36 hr period after the administration of carbon tetrachloride to rats. 
In studies reported by Horvath et al. (1960), mitochondrial swelling was not 
observed until 24 to 48 hr after tannic acid administration. Administration 
of carbon tetrachloride to rats, as reported by Gravela et al. (1971), indi¬ 
cated a marked inhibition in hepatic synthesis associated with a disaggre¬ 
gation of polyribosomes. It was also shown that the interaction of 
cycloheximide and carbon tetrachloride affected protein synthesis and lipid 
metabolism in rat liver. 
The fine structural alterations and selected metabolic alterations of 
rat hepatic cells were examined by Shinozuka et al. (1970) at different time 
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intervals up to 48 hr after ethionine administration. Nucleoli at 12 hr 
showed fragmentation and scattering of their components. Disaggregation 
of polyribosomes and accumulation of lipids were the prominent changes in 
the cytoplasm. At 20 and 24 hr, the nucleoli began to regain their 
structure, exhibiting simple rodlike structures composed of particulate 
and fibrillar elements. Lipid accumulation progressed, and disaggregated 
polyribosomes were observed in the cytoplasm. By 36 and 48 hr, many 
nucleoli appeared to be morphologically normal. In spite of restoration 
of nucleolar structures to normal, the cytoplasm showed severe disorga¬ 
nization of organelles with persistent accumulation of lipids and 
formation of numerous concentric lamellar bodies. 
Merkow et al. (1971) reported ultra-structural alterations within 
hyperplastic liver nodules induced by ethionine. A clustering and aggre¬ 
gation of smooth endoplasmic reticulum was observed in addition to a 
corresponding diminution of rough endoplasmic reticulum. Irregular nuclei, 
and mitochondria, a prominent number of microbodies and lysosomes, and 
vacuoles were seen in the hyperplastic liver nodules from fed rats. Benzene 
has been found to affect hepatic ultrastructure, as reflected by an abun¬ 
dance of smooth endoplasmic reticulum, peroxisomes, and lysosomes (Saite, 
1973). 
Cycloheximide, puromycin, chloramphenicol and emetine hydrochloride 
were reported by Hwang et al. (1974) to produce cellular lesions in the 
rat liver. These lesions were evident by alterations in morphology, such 
as swelling of mitochondria, degranulation of rough endoplasmic reticulum 
and aggregation of free ribosomes. The administration of two doses of 
either 2.5 mg of cycloheximide per kg or 12 mg of emetine hydrochloride 
per kg produced several changes in the ultrastructure of the rat parenchymal 
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cells. These alterations involved distension of the nuclear membrane, the 
appearance of whorls of membranes and vacuoles and alterations in mitochon¬ 
dria. Changes were observed 6-12 hr after treatment with these chemical 
agents. Dilation of rough endoplasmic reticulum and a clustering of free 
ribosomes after treatment of liver cells with chloramphenicol were observed 
by Reid et al. (1970). Puromycin was found by Glazer and Sartorelli (1972) 
to produce morphological changes similar to those of chloramphenicol. 
Certain toxic properties using lead have been found to interfere with 
the ultrastructure of the kidney (Beaver, 1962). The administration of 1% 
lead acetate and 10 g of the same substance mixed with food was found to 
produce changes in the convoluted tubules. These changes involved swelling 
of mitochondria, appearance of densely packed granules, arrayed fibrillar 
material, sloughed cells within the tubular lumens, and intranuclear in¬ 
clusions. Feeding of lead acetate to rats was also found by Boyland et al. 
(1961) to produce tumors and large vesicular nuclei in the proximal con¬ 
voluted tubules of rats. 
Several chemical agents are known which directly interfere with various 
steps involved in peptide synthesis in the ribosome cycle. These inhibitory 
effects on the translational machinery resulted in interference with several 
cellular functions such as RM, DM replication, enzyme induction and degra¬ 
dation, and cellular immunological response (Hwang et al., 1974). 
CHAPTER III 
MATERIALS AND METHODS 
Emetine hydrochloride was obtained from Sigma Chemical Company, 
St. Louis, Mo. Male Long-Evans rats weighing 160-180 g were given two 
intraperitoneal injections of emetine hydrochloride dissolved in 0.9% 
saline solution. The experimental animals were injected at 6, 12, and 
24 hr intervals. Two injections of the following doses were given: 
2.5, 5.0, and 10 mg/kg body weight of the animal. The control animals 
were given an equivalent volume of 0.9% saline solution at the same 
intervals of time as the experimental groups. 
All treatments were done using disposable 26 gauge injection needles. 
Food for both experimental and control animals was withdrawn 12 hr before 
injections. All animals were etherized and the kidney and liver were 
quickly removed for morphological studies. The animals were then sacrified. 
Small pieces of kidney and liver of about 200 mg each were immersed 
in 4%, glutaraldehyde made up in sodium cacodylate buffer of pH 7.4 for 
2-4 hr at 5-8 C and rinsed in two to three changes of cacodylate buffer. 
The tissues were then placed in 0.1 M of cacodylate buffer containing 
0.8 M of sucrose for 24 hr. Subsequently, the tissues were sliced into 
0.5 mm strips, post-fixed in 1%, osmium tetroxide for 2 hr at room tempera¬ 
ture, and rinsed in several changes of cacodylate buffer. 
After fixation, all specimens were dehydrated in successive changes 
of 30, 50, 70, 80, and 95% acetone, for 10 min and three changes of 100%, 
acetone, 10 min each. Following dehydration, the specimens were placed in 
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a mixture of one part epoxy resin and two parts acetone for 24 hr, and 
then transferred to capsules containing 1007» epoxy resin. Slow embedding 
was carried out at 40 C then 60 C. The epoxy resin used was the epon- 
araldite mixture, prepared according to the method of Mollenhauer (1964). 
Ultra-thin sections were obtained with glass knives on a Porter Blum MT-2 
Microtome and mounted on coated 300 Mesh copper grids. Copper grids were 
coated according to the method of Pease (1960). Sections were stained 
with uranyl acetate and lead citrate as described by Venable and 
Coggeshall (1965). The stained specimens on grids were observed in a 




The proximal convoluted tubule of the kidney consists of numerous, 
densely compacted elongated mitochondria. The nuclei of the cells are 
large, spherical and possess nucleoli. The distal convoluted tubules 
contain mitochondria that are not so densely compacted and elongated. 
The mitochondria are mostly spherical in shape and many nuclei are 
present. The tubules are surrounded by a basement membrane, which is a 
complex of amorphous material, and extremely fine filaments. The inner 
layer of the basement membrane consists of a red blood cell (Fig. 1). 
The red blood cells are nonnucleated, non-glandular and often together 
in rows. The cells are sometimes cup-shaped, and sometimes compressed 
into angular forms. The pericyte is an elongated branching cell that is 
contractile and causes constriction of the capillaries (Fig. 2). The 
cortex of the kidney consists of nuclei, elongated mitochondria and 
medullary rays. The medullary rays are ray-like extensions that project 
into the cortex of the kidney (Fig. 3). 
The administration of 2 doses of 2.5, 5.0, and 10 mg/kg of emetine 
hydrochloride produced several changes in the ultra-structure of the 
kidney and liver of the rat. These changes were observed within 6-24 hr. 
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Fig. 1. Electron Micrograph of a control section of the kidney 
showing distal and proximal convoluted tubules with 
nuclei and mitochondria. The capillary space between 
tubules contains a red blood cell and endothelial 
cells. Note the appearances of the basal membranes 
and desmosomes. X 6,000. 
DOT - distal convoluted tubule; PCT - proximal 
convoluted tubule; N - nucleus; M - mitochondrion; 
CS - capillary space; RBC - red blood cells; 




Fig. 2. Electron micrograph of a control section of a distal 
convoluted tubule showing the irregular shapes of 
red blood cells, endothelial cells, mitochondria, 
and nuclei. Note the appearance of the pericyte in 
the capillary space between red blood cells. X 9,000. 
DOT - distal convoluted tubule; RBC -*red blood 
cell; P - pericyte; CS - capillary space; N - 
nucleus; M - mitochondrion; E - endothelial cell. 
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Fig. 3 Electron micrograph of a control section of the kidney 
cortex with nucleus and mitochondria. Note the 
appearance of the striated medullary rays. X 15,000. 




Six Hours (2.5 mg/kg) 
At this interval, in the distal convoluted tubules, the basal mem¬ 
branes are distended and the mitochondria are dark, reduced in number 
and commonly show loss of internal membranes (Fig. 4). 
Six Hours (5.0 mg/kg) 
The most striking change is partial disruption of the basement mem¬ 
brane and swelling of mitochondria in the distal convoluted tubule 
(Fig. 5). 
Six Hours (10 mg/kg) 
In the distal convoluted tubules, the mitochondria show a more pro¬ 
nounced decrease in number in comparison to previous stages. The basement 
membranes are further distended (Fig. 6). Vacuolation is observed inside 
the proximal convoluted tubule. The cytoplasm shows a marked degree of 
coarseness. The nuclei are situated close to the surface of the basal 
membrane. The mitochondria are dark and also located next to the extreme 
surface of the basal membrane (Fig. 7). 
Twelve Hours (2.5 mg/kg) 
The basal membranes of the distal and proximal convoluted tubules 
are distended and disrupted. The mitochondria show degrees of swelling in 
both tubules. In the distal convoluted tubule, the mitochondria show a 
decrease in number. The mitochondria in the proximal convoluted tubule 
are found near the surface of the basal membrane. In some of the mito¬ 
chondria, only part of the cristae is observed. The proximal convoluted 
tubule also contains large conspicuous inclusions with a very apparent 
electron-dense matrix (Fig. 8). 
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Fig. 4. Electron micrograph of a distal convoluted tubule 6 hr 
after treatment with 2 doses of 2.5 mg/kg of emetine 
hydrochloride. The basal membrane is distended and 
the mitochondria are decreased in number. X 9,000. 
DCT - distal convoluted tubule; BM - basal mem¬ 
brane; M - mitochondrion; N - nucleus; RBC - red 
blood cells; P - pericyte. 
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Fig. 5. Electron micrograph of a distal convoluted tubule 6 hr 
after treatment with 2 doses of 5.0 mg/kg of emetine 
hydrochloride. A portion of the basal membrane (bottom 
arrow) is disrupted and the mitochondria are swollen. 
Membranous structures are located near the surface 
basement membrane (top arrow). X 15,000. 
DCT - distal convoluted tubule; BM - basal membrane; 
M - mitochondrion; N - nucleus; Top arrow - membranous 
structures; Bottom arrow - Basal membrane. 
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Fig. 6. Electron micrograph of a distal convoluted tubule 6 hr 
after treatment with 2 doses of 10 mg/kg of emetine 
hydrochloride. The mitochondria show a more pronounced 
decrease in number. The basal membrane shows a greater 
degree of distension (arrow). X 9,000. 
DCT - distal convoluted tubule; M - mitochondrion; 




Fig. 7. Electron micrograph of a proximal convoluted tubule 24 
hr after 2 doses of 10 mg/kg of emetine hydrochloride. 
Vacuolation can be observed inside the tubule. In the 
center of the tubule, other large vacuoles are forming 
and at the top right, smaller vacuoles are present 
(arrows). The cytoplasm shows a marked degree of 
coarseness. X 9,000. 
PCT - proximal convoluted tubules; VAC - vacuole; 




Fig. 8. Electron micrograph of a distal and proximal convoluted 
tubule 12 hr after treatment with 2 doses of 2.5 mg/kg 
of emetine hydrochloride. The basal membranes of the 
tubules are distended. The mitochondria show degrees 
of swelling. The pericyte illustrates moderate 
deterioration. Note the intracellular body in the 
proximal convoluted tubule. X 12,000. 
DCT - distal convoluted tubule; PCT - proximal 
convoluted tubule; M - mitochondrion; N - nucleus; 




Twelve Hours (5.0 mg/kg) 
The inner areas of the distal convoluted tubules contain several 
vacuoles. The mitochondria show further decrease in number and are 
dark. Several granules, probably lipids, are prominent in the cells. 
Between the cells rough bead-like structures are observed (Fig. 9). 
Twelve Hours (10 mg/kg) 
The most striking feature is an accumulation of small, dark granules 
among the mitochondria in the proximal convoluted tubule. The granules 
show differences in sizes. The mitochondria exhibit degrees of swelling. 
A large cellular inclusion is observed containing vesicular-like amorphous 
material. The basement membrane is disrupted. In the capillary space 
the red blood cells show degrees of deterioration and cellular debris is 
also prominent in the space (Fig. 10). 
Twenty-Four Hours (10 mg/kg) 
The cytoplasm of the distal convoluted tubule show a prominent degree 
of coarseness and degradation. A few mitochondria and granules are ob¬ 
served (Fig. 11). 
At the same time interval and dose, the capillary space between 
tubules contains vacuoles, mitochondria with only part of the cristae, 
enlarged endothelial cells, and Fibrillar Structures. The mitochondria in 
the tubule are swollen. The pericyte shows a marked degree of deterio¬ 
ration and one of the red blood cells also exhibits a slight degree of 
deterioration, as compared to the red blood cells in the previous stages 
(Fig. 12). 
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Fig. 9. Electron micrograph of distal convoluted tubule 12 hr 
after treatment with 2 doses of 5.0 mg/kg of emetine 
hydrochloride. Several vacuoles and granules are 
present in the tubules. Note the rough bead-like 
appearance between the cells (arrow). X 9,000. 
DCT - distal convoluted tubule; M - mitochondria; 




Fig. 10. Electron micrograph of a proximal convoluted tubule 12 
hr after treatment with 2 doses of 10 mg/kg of emetine 
hydrochloride. Granules have accumulated in the tubule 
(top arrow). The intracellular body shows a decrease 
in the amount of granular material. The red blood cells 
show various degrees of deterioration (left bottom 
arrow). Cellular debris can be observed in the capil¬ 
lary space (right bottom arrow). X 9,000. 
PCT - proximal convoluted tubule; Top arrow - granules 
Left bottom arrow - red blood cells; Right bottom arrow 
cellular debris; CS - capillary space; N - nucleus; 
M - mitochondrion; IB - intracellular body. 
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Fig. 11. Electron micrograph of a distal convoluted tubule 24 
hr after treatment with 2 doses of 10 mg/kg of 
emetine hydrochloride showing the appearance of the 
cytoplasm. The cytoplasm shows a prominent degree 
of coarseness and degradation (arrow). A few mito¬ 
chondria and granules can be observed. X 12,000. 
DCT - distal convoluted tubule; N - nucleus; 
M - mitochondrion; G - granules; arrow - cytoplasm. 
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Fig. 12. Electron micrograph of the capillary space between 
tubules 24 hr after treatment with 2 doses of 
10 mg/kg of emetine hydrochloride. Vacuoles, mito¬ 
chondria with only part of the cristae and fibrillar 
structures (arrows) can be observed in the capillary 
space. The pericyte shows a marked degree of deterio¬ 
ration. The mitochondria in the tubule are swollen. 
X 12,000. 
CS - capillary space; Vac - vacuole; M - mito¬ 
chondrion; FS - fibrillar structures; P - pericyte; 
RBC - red blood cells; E - endothelial cells; 
arrows fibrillar structures. 
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Another section of a capillary space between a distal and proximal 
convoluted tubule contains vacuoles, and red blood cells that show a 
further degree of deterioration. The red blood cells also exhibit dif¬ 
ferences in sizes as compared with red blood cells in previous stages. 
A few granules are also observed in the capillary space. The basal mem¬ 
branes of the tubules are distended and disrupted. The mitochondria in 
the proximal convoluted tubule are dark. In the distal convoluted 
tubule, convoluted membranes and irregular shaped nuclei are observed. 
Vacuoles within the tubule contain granular material. The mitochondria 
show a pronounced decrease in number (Fig. 13). 
At the same time interval and dose, the kidney cortex illustrated 
remarkable changes. Large conspicuous vacuoles and dark swollen mito¬ 
chondria are seen in the cytoplasm. The medullary rays are dissociated 
and degraded (Fig. 14). 
The nucleus of the liver is round to oval. One or two nucleoli are 
present. The mitochondria are numerous in number, usually spherical in 
shape, and contain many cristae. A few opaque granules are seen in some 
of the mitochondria, and vesicles are present in the cytoplasm (Fig. 15). 
Morphologic changes are observed in the liver after treatment with 
10 mg/kg of emetine hydrochloride at 12 and 24 hr intervals. 
Twelve Hours (10 mg/kg) 
The most striking features observed are vacuoles of different sizes 
in the cytoplasm and elongated mitochondria (Fig. 16). 
Twenty-Four Hours (10 mg/kg) 
The mitochondria show degrees of swelling. Another marked feature is 
the appearance of membranous structures in the cytoplasm (Fig. 17). 
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Fig. 13. Electron micrograph of a capillary space showing distal 
and proximal convoluted tubules 24 hr after treatment 
with 2 doses of 10 mg/kg of emetine hydrochloride. 
Vacuoles, (top arrow) and deterioration of red blood 
cells can be seen in the capillary space. The basal 
membrane is distended and disrupted (bottom arrow). 
The mitochondria in the tubules are dark. Note the 
convoluted membranes (right center arrow) shape of the 
nuclei, and vacuoles containing granular materials in 
the distal convoluted tubule. X 12,000. 
DCT - distal convoluted tubule; PCT - proximal 
convoluted tubule; Top arrow - vacuoles; RBC - red 
blood cells; Bottom arrow - basal membrane; Right 
Center arrow - convoluted membrane; VG - vacuoles with 
granular material; CS - capillary space; N - nucleus; 
M - mitochondrion. 
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Fig. 14. Electron micrograph of the kidney cortex 24 hr after 
2 doses of 10 mg/kg of emetine hydrochloride. Several 
large vacuoles are prominent in the cytoplasm. The 
mitochondria are swollen. Note the dissociation and 
degradation of medullary rays. X 15,000. 
Vac - vacuole; M - mitochondrion; MR - medullary 
rays; N - nucleus. 
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Fig. 15. Electron micrograph of a control section of the liver. 
Numerous mitochondria are prominent in the cytoplasm. 
The mitochondria are mostly spherical in shape, with 
many cristae. Opaque granules can be seen in some 
mitochondria. Vesicles can also be observed in the 
cytoplasm. X 30,000. 
M - mitochondrion; OG - opaque granules; V - 
vesicles; N - nucleus. 
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Fig. 16. Electron micrograph of the liver 12 hr after 2 dose 
of 10 mg/kg of emetine hydrochloride. Note the 
vacuoles in the cytoplasm and the shape of the mito 
chondria. X 15,000. 
Vac - vacuole; M - mitochondrion; N - nucleus. 
ft 
31 
Fig. 17. Electron micrograph of the liver 24 hr after treatment 
with 2 doses of 10 mg/kg of emetine hydrochloride. 
The mitochondria are dark and swollen. Note the mem¬ 
branous structures in the cytoplasm (arrows). X 15,000. 




The effects of emetine hydrochloride on nephric and hepatic cells 
increase with dosage and time (Tab. 1 and 2). 
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Table 1. The effect of emetine hydrochloride on the kidney in relation 
to time and dosage 
Time (hr) Dose (mg/kg) 
2.5 5.0 10 
6 *X X X 
12 X X X 
24 *0 0 X 
*X indicates a change. 
*0 indicates no change. 
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Table 2. The effect of emetine hydrochloride on the liver in relation 
to time and dosage 
Time (hr) Dose (mg/kg) 
2.5 5.0 10 
6 *0 0 0 
12 0 0 *x 
24 0 0 X 
*X indicates a change. 
*0 indicates no change. 
CHAPTER V 
DISCUSSION 
The administration of sublethal doses of emetine hydrochloride in 
adult rats produced several structural modifications in kidney and liver 
tissues. These changes occurred within 6-24 hr after treatment with 2 
doses of either 2.5, 5.0 or 10 mg/kg of the drug per body weight of the 
animal. Two doses of 12.5 mg/kg were found too toxic for the present 
studies, causing the death of rats within 2 days. However, the animals 
survived for the period of time employed in the present investigation 
using a level of 2 doses of 10 mg/kg of emetine hydrochloride. This dosage 
was therefore employed as a final safety level to study the structural 
changes of the tissues. Emphasis in this study was placed on the morpho¬ 
logical changes of the effect of emetine hydrochloride on the kidney since 
the drug is excreted slowly from this organ. 
The observations reported provide evidence that the mitochondria, 
basement membranes, pericytes, nuclei, red blood cells, endothelial cells, 
cytoplasm and medullary rays of the kidney of the rat undergo certain 
definable morphological changes when administered doses of 2.5, 5.0 and 10 
mg/kg of emetine within 6-24 hr. Evidence is provided that the mitochon¬ 
dria of the rat liver cell undergo morphological changes when treated with 
doses of 10 mg/kg of the drug at 12 and 24 hr intervals. Other major 
alterations found in the kidney were the formation of vacuoles, accumula¬ 
tion of granules, production of fibrils, convoluted membranes, cellular 
debris and cellular inclusions. In the liver, other changes found were 
the appearance of membranous structures and formation of vacuoles. These 
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changes in the kidney and liver were not seen in control tissues; there¬ 
fore, it was concluded that they represented a response to the drug, 
emetine hydrochloride. 
A decrease in the number of mitochondria, swelling and disruption of 
the cristae were observed within 6 to 24 hr using a dosage range of 2.5 - 
10 mg/kg of emetine. The mitochondria contained only part of their in¬ 
ternal membranes. The degree of swelling in kidney and liver tissues 
seemed to increase with an increase in dosage and time. 
These mitochondrial changes correspond to those of Hwang et al. 
(1974), and Reynolds (1963). They reported enlargement of mitochondria 
within 6 to 36 hr after the administration of chemicals such as carbon 
tetrachloride, chloramphenicol, puromycin and cycloheximide. Smuckler 
et al. (1962) reported similar alterations in mitochondria after the 
administration of carbon tetrachloride and suggested that these changes 
related to severe impairment of protein synthesis resulting from alter¬ 
ations of endoplasmic reticulum. 
Enlargement of mitochondria in the kidney tubules has been reported 
by Boyland et al. (1961) after feeding lead acetate to rats. They sug¬ 
gested that lead compounds increased excretion of porphyrin by inter¬ 
fering with haemoglobin metabolism. 
The mitochondria of the liver showed an elongated shape 12 hr after 
treatment with emetine in comparison to the spherical structures exhib¬ 
ited by the control. These findings correspond to those of Porter and 
Bruni (1959) who reported elongation of mitochondria following the admin¬ 
istration of azo dyes to rats. These workers noted also a loss of internal 
membranes within mitochondria. 
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The findings reported here, however, refute those of Horvath et al. 
(1960), and Arthelger and Broom (1965), who observed swelling and 
elongation of mitochondria within 24 to 48 hr following tannic acid 
administration. These studies also refute those of Emmelot and Benedetti 
(1960), who observed mitochondrial changes 3 to 4 hr after treatment with 
dimethylnitrosamine. They suggested that the dimethylnitrosamine acted 
as a carcinogen, causing inhibition of amino acid incorporation. 
The effects of emetine on the mitochondria seem to be, within certain 
limits, reversible and, in some cases, irreversible, depending on the time 
interval and dose of the drug. The mitochondria of the kidney showed 
degrees of reversion to normal. 
According to De Robertis et al. (1970), if mitochondrial alteration 
reaches a certain critical point, it becomes irreversible, and this is 
generally considered degeneration of the mitochondria. There are essen¬ 
tially three types of changes: (1) fragmentation into granules followed 
by lysis and dispersion; (2) intense swelling with transformation into 
large vacuoles, and (3) an accumulation of materials with transformation 
of mitochondria into hyalin granules. This last change is characteristic 
of the so-called cloudy swelling and hyalin degeneration that frequently 
results in cell death. 
In the proximal and distal convoluted tubules of the kidney within 
6 to 20 hr a few granules, probably lysosomes, were seen in some cell 
stages. There is considerable evidence that lysosomes play a role in 
the removal of parts of cells, whole cells and even extracellular 
material (De Robertis et al., 1970). 
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In the proximal convoluted tubules, several dark, electron dense 
granules which show differences in size were noted. These dark granules 
are believed to be lipids. Robertson (1961) observed that the deposition 
of lipids may be related to mitochondrial activity. The relationship may 
be so close that only the inner mitochondrial membrane can be seen adja¬ 
cent to the lipids in some regions. 
Lipid granules in liver cells were observed by Emmelot and Benedetti 
(1960), and Arthelger (1965), 3 to 20 hr after treatment with dimethyl- 
nitrosamine and tannic acid. Accumulation of lipid granules was also 
seen after treatment with ethionine (Shinozuka, 1970). 
The membranous structures observed in the liver 24 hr after treat¬ 
ment with 10 mg/kg of emetine are believed to be endoplasmic reticulum. 
These findings correspond with those of Kappa and Alvares (1975), and 
Hwang et al. (1974). 
Kappa and Alvares (1975) found a striking increase in smooth endo¬ 
plasmic reticulum after treatment with phénobarbital. Hwang et al. 
(1974) reported that emetine hydrochloride within 6 to 36 hr produced 
disruptive changes in the structure of endoplasmic reticulum. Whorls 
of imbricated paired membranes have been seen in the cytoplasm of liver 
cells of rats. 
The production of membrane whorls by emetine hydrochloride under 
conditions in which membrane bound, but not free, polyribosomes are pre¬ 
vented from synthesizing protein in situ, suggests that the formation of 
protein components of membrane whorls may be a function of free polyri¬ 
bosomes. Such membranes are presumably deficient in protein components 
formed by membrane-bound polyribosomes and thereby, accumulate as in¬ 
complete membranes (Hwang et al., 1974). 
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Shinozuka et al. (1970) found similar concentric whorls of membranes 
in the liver after treatment with ethionine. These changes are indicative 
of injury to the membrane of the endoplasmic reticulum. Such an interpre¬ 
tation is partly supported by the finding of Bjornstad and Bremer (1963), 
and Gordon and Faber (1965). 
The findings in this study show hypertrophy of agranular endoplasmic 
reticulum in close proximity with the mitochondria. According to 
De Robertis et al. (1970), this is indicative of detoxification in liver 
cells. The structural changes found in this study of membranous struc¬ 
tures, believed to be endoplasmic reticulum, suggests inhibition of 
protein, lipid and glycogen synthesis. The appearance of convoluted 
membranes was observed in the distal convoluted tubule of the kidney 24 
hr after treatment with emetine. These membranes were in close proximity 
with the nucleus. The nuclei exhibited an irregular shape in comparison 
with the control. This irregularity was noted by their polymorphic 
features. In the same distal convoluted tubules, vacuoles containing 
granular materials were observed. Similar morphological changes were 
reported in liver cells after treatment with ethionine (Merkow et al., 
1971). 
Cellular inclusions and fibrils were prominent in some of the con¬ 
voluted tubules of the kidney. The cellular inclusions showed degrees 
of deterioration. Beaver (1962) found similar cellular inclusions and 
fibrils in the convoluted tubules of the rat kidneys after treatment with 
lead acetate. These findings indicated that lead acetate induced renal 
tumors in these animals. 
Morphological changes such as distension and disruption of the base¬ 
ment membranes, coarseness and degradation of the cytoplasm, dissociation 
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and degradation of medullary rays, deterioration of red blood cells and 
cellular debris, were other major structural changes prominent in the 
kidney. The formation of vacuoles was observed in the kidney and liver 
after treatment with emetine. Similar changes such as distension of 
nuclear membranes, and formation of both large and small vacuoles were 
described by Hwang et al. (1974) in the liver after being treated for 
6-36 hr with chemical agents such as cycloheximide, puromycin, and 
chloramphenicol. Evidence was provided that these chemical agents are 
inhibitors of protein synthesis capable of differential effects on 
nascent peptide synthesis on membrane-bound and free polyribosomes. 
Price et al. (1949) found degenerative changes and necrosis in liver 
cells within 1 week after feeding rats with various aminozao dyes. 
Necrosis was more pronounced with higher dosages of the dyes. This study 
concluded that the amount of protein-bound dye played no role in protein 
synthesis. The findings of Hultin (1956) also detracted from the idea 
that the dye was affecting protein synthesis of the cell. 
The red blood cells, medullary rays, and pericytes in the kidney 
illustrated remarkable degrees of deterioration within 12-24 hr. Deteri¬ 
oration was more pronounced within 12 to 24 hr after treatment with 
emetine. In addition to deterioration and degradation, some structures 
exhibited features of reversion to normal. This phenomenon corresponds 
to a study by Shinozuka et al. (1970) in liver cells treated with 
ethionine. They reported that different cell organelles in the same 
cell exhibit different independent response patterns. For example, 
cytoplasmic membranes were showing progressive and intensive alterations 
from 24 to 48 hr after ethionine administration, whereas the cytoplasmic 
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polyribosome and nucleoli showed a return to normal. These observations 
point to the conclusion that a cell can weather severe and progressive 
injury to many of its organelles without showing the ultimate in cell 
response - cell death. 
After treatment with emetine hydrochloride for 24 hr, some of the 
mitochondria and red blood cells reverted to normal. This may suggest 
that cell viability is compatible with many severe forms of damage 
with a chemical agent such as emetine hydrochloride. 
The structural changes and toxic reactions produced by emetine 
hydrochloride on nephric and hepatic cells seemingly indicate an inhibi¬ 
tion of protein, lipid and glycogen synthesis, based on observations 
made at different time intervals and dosages. The degree of structural 
modifications depends upon the dose, time and action of the drug on 
certain metabolic organs, in response to cytotoxic injuries. Thus the 
inhibitory action of emetine hydrochloride would interfere with cellular 
functions such as synthesis of RNA and DM replication. 
CHAPTER VI 
SUMMARY AND CONCLUSION 
1. The experimental groups of male Long-Evans rats were given 2 
intraperitoneal injections of either 2.5, 5.0, or 10 mg of 
emetine hydrochloride kg per body weight of the animal at 6, 12 
and 24 hr intervals, respectively. The control groups were given 
an equivalent volume of 0.9% saline in the same manner. 
2. The electron microscopic examination of equivalent control and 
experimental specimens revealed the following emetine hydro¬ 
chloride effects in the kidney. 
(a) Swelling, decrease and disruption of mitochondria, distension 
and disruption of basement membranes, and pronounced coarse¬ 
ness of cytoplasm. These changes were evident 6 hr after 
treatment with doses of 2.5 - 10 mg/kg of emetine. 
(b) Formation of vacuoles, accumulation of granules, deterio¬ 
ration of pericytes and red blood cells, cellular debris 
and cellular inclusions. These changes were observed 12 
hr after treatment with 2.5 - 10 mg/kg of the drug. 
(c) Vacuoles containing granular material, dissociation and 
degradation of medullary rays, mitochondria with only part 
of the cristae, the appearance of fibrils, convoluted mem¬ 
branes and irregular shaped nuclei, and red blood cells 
showing different sizes. These structural changes were 
observed 24 hr after treatment with 10 mg/kg of emetine. 
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3. The electron microscopic examination of equivalent control and 
experimental specimens showed the following emetine hydrochloride 
effects in the liver: 
(a) Formation of vacuoles and different shapes of mitochondria. 
These changes were seen 12 hr after treatment with 10 
mg/kg of emetine. 
(b) Swollen mitochondria and formation of membranous structures 
in the cytoplasm. These changes were evident 24 hr after 
treatment with 10 mg/kg of emetine hydrochloride. 
From the evidence presented, it can be concluded that emetine 
hydrochloride produces structural modifications, in relation to time and 
dosage, in nephric and hepatic cells, and these morphological changes are 
more evident in the kidney than in the liver. The significance of this 
study indicates that emetine hydrochloride at sublethal doses is damaging 
and cytotoxic to nephric and hepatic cells. 
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